Vanadium modified zeolite was synthesized using the chemical liquid deposition (CLD) and wet exchange methods refer by V/ZCLD, V/Zwet . The obtained materials were calcined at 550°C and characterized using XRD, FTIR, and nitrogen adsorption. The characterized materials were applied for the photo-decolorization of direct violet-4 (DVO-4) as a member of azo dye family, in aqueous medium using hydrogen peroxide and/or UV irradiation (254 nm). The effects of time and catalyst concentration on the decolorization of DVO-4 dye were investigated. The decolorization of (DVO-4) dye and the decreasing in concentration of the dye have been followed using UV-vis spectrophotometry. Results showed that the addition of V/ZCLD, V/Zwet and H2O2 to the dye solution enhanced the rate of degradation. The decolorization followed the pseudo first order kinetics model and a significant mineralization of (DVO-4) was observed.
Introduction
Azo dyes are a versatile class of colored organic compounds that have extensively been used in both industry for applications such as textiles, papers, leathers, gasoline, additives, foodstuffs and cosmetics and analytical chemistry [1, 2] .
These azo dyes are known to be largely non-biodegradable in aerobic conditions and to be reduced to more hazardous intermediates in anaerobic conditions [3] .
It is well known that soluble azo dyes when incorporated into the body are split into corresponding aromatic amines by liver enzymes and intestinal flora, which can cause cancer in human [4] , from wastes is often more important than the other colorless organic substances because the presence of small amounts of dyes (below 1 ppm) is clearly visible and influences the water environment considerably.
Therefore, it is necessary to find an effective method of wastewater treatment in 235 MOHAMED S. THABET order to remove color from textile effluents [5] . One of the new methods of wastewater treatment containing dyes is their photocatalytic degradation in solutions illuminated with UV irradiation, which contains a suitable photocatalyst.
Heterogeneous photocatalytic oxidation (PCO) for wastewater treatment has received much attention by various research groups. Numerous types of catalysts and contaminants have been investigated on laboratory scale [6, 7] . However, very few commercial applications of this technology are available at present. One of the major reasons is the deactivation of the photocatalyst when photocatalysis is utilized to treat real wastewater [8] .
Many successful cases for activation of H2O2 by transition metal in zeolites are well demonstrated in the heterogeneous catalysis. ZSM-5 zeolite, with highly ordered micropores, surface acidity, and ion-exchange capacities, is one of the most widely applied inorganic materials as catalyst support, adsorbent, and molecularsized space for various chemical or photochemical reactions [9] [10] [11] .
The transition metal ions in metallosilicate catalysts are considered to be highly dispersed at the atomic level and well defined, existing in a specific structure of the zeolite framework. According to the Löwenstein rules, the Al atoms within the zeolite framework cannot connect with each other directly, a property observed in most zeolites. If this is also the case for metallosilicate zeolites, the well-prepared zeolite sample should contain only isolated metal ions in their framework structures.
This phenomenon is of great significance in the design of highly dispersed transition metal oxides such as Ti, V, Cr, Mo, etc. which can be excited under UV-irradiation to form the corresponding charge-transfer excited state involving an electron transfer from to
The high reactivities of these charge-transfer excited states, i.e. electron-hole pair states, which are localized quite near to each other as compared to the electron and hole produced in semiconducting materials, induce various significant photocatalytic reactions. Zeolites having transition metal cations in their frameworks have been the washed with distilled water, dried at 120 ºC for 6 h and lastly calcinied at 550ºC for 6 h.
Catalyst characterization X-ray Diffraction
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The X-ray diffraction (XRD) patterns of various prepared samples were performed using a Philips diffractometer (PW 3710) with Ni-filtered copper radiation (k = 1.5404Å) at 30 kV and scanning speed rate of 2θ = 2.5°/min. The crystal size of the prepared materials was determined using the Scherrer equation [17] . The crystallinity of the prepared samples were calculated using the ratio of the sum of the areas of the most intense peaks for ZSM-5 samples (2θ =23°, 23.8° and 24.3°) to that the same peaks for the standard (ZSM-5 Mobil Chemicals) and multiplying by 100.
IR measurement
IR spectra were recorded in the solid state as KBr pellet on Bruker (Vector 22), single beam spectrometer at room temperature.
Nitrogen adsorption
The nitrogen adsorption isotherms were measured at −196 °C using a conventional volumetric apparatus. The specific surface area was obtained using the BET method. The surface texture characteristic was obtained from both the BET isotherm and the Vl−t plots.
Catalytic activity tests
The evaluation of the photoactivity was carried out in a cylindrical Pyrex glass reactor. A magnetic stirrer was used continuously to guarantee the good mixing of the solution. Irradiation experiments were performed using a 6W medium pressure In agreement with previous literatures [18, 19] , the degradation of DVO-4 dye fitted with pseudo-first order kinetics [ln(C/C0) =−kt] (where C0 and C are the initial dye concentration and at time t, respectively, and (k, min −1 ), is the reaction rate constant). The rate constant, k, was calculated from the slopes of the straight-line portion of the plots [ln(C/C0) vs. time].
Results and discussion XRD XRD patterns of V/ZCLD and V/Zwet samples in comparison with that of parent ZSM-5 are depicted in Fig.1 . The pattern of V/Zwet sample seems to be similar to that of ZSM-5 emphasizing a high dispersion of vanadium ions in compensating positions inside the zeolite. V/Zwet samples indicates the absence of any diffraction line characteristics for V2O5 species even at 20% vanadium loadings (Fig. 1 ) which might be due to the formed V2O5 has a smaller size lies below the detection limit of XRD instrument (< 4nm). On the other hand, the pattern of V/ZCLD showed a marked overall decrease in intensity of diffraction lines due toV2O5 agglomerates.
The lattice parameters and unit cell volume of the V/Zwet and V/ZCLD samples are summarized in Table 1 . The data revealed an enhancement in inclusion of vanadium ions into the lattice of ZSM-5 when compared with those of vanadium ions in V/ZCLD. Furthermore, increasing the lattice volume of modified samples were recognized due to the incorporation of vanadium ions which have high ionic radius (0.54Å) when compared with those of Si (0.4Å) ones. The data also show that the values of average crystallites size of ZSM-5 crystals, was calculated by Scherrer equation, and decreased following vanadium incorporation which may be due to the deposition of V2O5 species on zeolite surfaces. 
Surface texture
Nitrogen adsorption -desorption data are illustrated in Table 2 . The results reveal that, the decrease in SBET was higher for V/ZCLD samples than V/Zwet ones. Similar results were also obtained for total pore volume values. This may be taken as an evidence for the location of some vanadium species deep inside pore volume of V/ZCLD samples probably in an oxide form causing partial blocking. However, the devoted slight increase in pore radius of V/ZCLD and V/Zwet samples when compared with the parent one (21.6Å) could be indicative for penetrating V ions in the host structure of ZSM-5. 
IR spectra of samples
The FTIR spectra of ZSM-5, V/Zwet and V/ZCLD samples are shown in Fig. 2 . This Figure reveals that, bands at the standard region at 1000-1300 cm -1 characteristics of T-O tetrahedral and a typical pentasil zeolites for all samples and thus showing well defined bands at 798, 625, 556 and doublet at 552 of five-memberd rings and 453cm -1 The IR spectrum exhibited significant bands at around 960-970 cm −1 , indicating successful incorporation of the vanadium ions into the zeolite framework [20] .
The IR band at 969 cm -1 attributed to Si-O -linkages is related to the presence of nonextractable V 5+ species according to [21] . A band at 540 cm -1 is shown in the IIV/ZCLD sample probably ascribed to V2O5 crystallites similar to that seen when dispersing VOx on SiO2 and Al2O3 [22] . The intensities of bands at 556 and 552 cm -1 was slightly affected and showed a decrease in intensity for IIV/ZCLD sample, broadness for IV/ZCLD sample and prominent presence of one of the doublet (552-544 cm -1 ) and vanishing that of the other (556 cm -1 ). This may give a hint about the heterogeneity of surface in these samples and rather notifying a decrease in crystallinity of these samples when compared with V/Zwet ones. Catalytic activity of vanadium loaded ZSM-5
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Adsorption of DVO-4 by modified zeolite
The influence of the adsorption processes was determined as shown in Fig. 3a; the adsorptive balance of dye of all samples could be achieved in the first 5 min of the process. Based on this result, after reaching equilibrium, about 28%, 48%, 40%, 29 and 25% of DVO-4 were adsorbed on ZSM-5, IV/ZCLD, IIV/ZCLD, I V/Zwet and II V/Zwet, respectively. IV/ZCLD, IIV/ZCLD samples respectively.) which may be due to the high amount of vanadiun oxide dispersed on zeolite surface as indicated by XRD patterns (Fig.1) . (Fig. 4) . 
Degradation of DVO4 using vanadium modified ZSM-5
The degradation of DVO4 dye by V/ZCLD and V/Zwet in presence of H2O2 shown in Fig. 5 . It's clear that a similar behavior result can be observed via V/ZCLD catalyst samples which exhibit the highest degradation efficiency within half min of reaction (58%, 57% respectively) this result may be attributed to high adsorption capacity of CLD samples, while V/Zwet samples exhibit 31 and 33% degradation efficiency within the same time for 10 and 20% V/Zwet respectively. The sorption rate at the initial stage was higher with V/ZCLD catalysts than those with V/Zwet due to the number of vacant sites available at the initial time on surface catalysts. As both hVB+ and •OH are strong oxidants for dye, the photocatalytic oxidation will be inhibited when H2O2 level gets too high. Furthermore, H2O2 can be adsorbed onto zeolite particles to modify their surfaces and subsequently decrease its catalytic activity.
photocatalytic degradation of DVO4 using vanadium modified ZSM-5
The photocatalytic activity of DVO4 dye with IVZCLD, catalyst appeared to be similar with IIVZCLD as illustrated in Figs. 6, 7 (a,b) respectively. The slope of the plots produced the pseudo-first order rate constant (Table 3) show the kinetics of disappearance of DVO4 dye for an initial concentration of 50ppm under certain conditions. This Table shows that, the higher value of k when employing V/ZCLD implies the increase of active sites on these particular sample comparatively as well as enough OH radicals capable of diffusing properly to cause higher degradation rate at such low concentration.
In V/ZCLD sample vanadium atoms are in their highest oxidation state and therefore oxidatively resistant; they tend to transfer from
by UV irradiation through charge transfer from O 2-to V 5+ of V─O─V or V=O forming excited state of charge transfer that has strong oxidation ability, and also responsible for the oxidation of azo dyes [28] .
Accordingly, we believe that the degradation of the dye under UV irradiation follows two main mechanisms, which happen on the dye and on V/ZCLD catalyst respectively. Once, V/ZCLD particles are irradiated with UV light, ˙OH radicals and totally oxidative degradation and mineralization of the dye substrate. The charge transfer excited state of [V 5+ ─Oˉ─V 4+ ]˙ was a pair of a hole (Oˉ) and a trapped electron center (V 4+ ). Oˉ has strong oxidation ability, and is also responsible for the oxidation of substrates. can describe the removal of DVO4 onto VZCLD samples, The observed increase in the removal rate when using high concentrations of VZCLD catalysts up to 0.5g/l especially those of IIVZCLD could be due to the extended specific surface areas of these samples and thus increasing the active sites 
